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ABSTRACT

The dark current and noise characteristics of the Earth Observing-1 Advanced Land Imager measured
during ground calibration at MIT Lincoln Laboratory are presented. Data were collected for the nominal
focal plane operating temperature of 220 K as well as supplemental operating temperatures (215 and
225 K). Dark current baseline values are provided, and noise characterization includes the evaluation of
white, coherent, low frequency, and high frequency components. Finally, anomalous detectors,
characterized by unusual dark current, noise, gain, or cross-talk properties are investigated.
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1 INTRODUCTION

This document provides areview of three key Advanced Land Imager (ALI) instrument [1-5] performance
parameters: dark current, noise, and anomal ous detectors. The dark current and noise of the ALI are closely
coupled. The dark current defines the background level for each detector, and frame-to-frame fluctuations
of this current isamajor contributor to the noise of the instrument.” As aresult, both the dark current and
noise characterization of the ALI will be covered in Section 2 of this document. Results obtained while
operating the focal plane at the nominal integration times (4.05 msfor multispectral bands and 1.35 msfor
the panchromatic band) and at 215, 220, and 225 K will be provided. It should also be noted that all results
are referenced to the 12-bit system the ALI employs.

This document also provides areview of anomalous detectors of the instrument in Section 3. These
detectors have been selected based on unusual dark current and noise characteristics, aswell as gain and
cross-talk peculiarities. The behavior of anomalous detectors should be carefully considered when selecting
targets of small spatial extent or scientifically assessing the quality of particular scenes.

" All SWIR detectors have atransient effect associated with the initial data collected following the focal plane turn-on. Asarexit, the
first ten frames from all data sets have been excluded from dark current and noise analysis






2 DARK CURRENT AND NOISE CHARACTERIZATION

2.1 Dark Current

The AL dark current is a measure of the background level of each detector. It isacombination of
thermally excited electrons within the detector and the gain of the associated electronics. The dark current
for each detector of every band has been cal culated as the mean of 512 multispectral and 1536
panchromatic frames (2 seconds). The dark current levels calculated from data collected during calibration
at MIT Lincoln Laboratory are provided in Figures 1-6. Dark current values depicted in Figures 1 and 2,
Figures 3 and 4, and Figures 5 and 6 were obtained when the focal plane was maintained at 215 K, 220K,
and 225 K respectively. In all cases, expected detector to detector and Sensor Chip Assembly to Sensor
Chip Assembly (SCA to SCA) variations are present. Five of the six ALI inoperable detectors, defined in
Section 3, are clearly evident in the dark current dataand arelisted in Table 1. Nine ALI detectors have
been identified as having excessive dark current (>1.25 times the mean dark current for that band and SCA)
and arelisted in Table 2. The observed large dark current offsets between odd and even detectors on SCA 4
band 2 and SCA 3 band 3 are the result of two ‘leaky’ detectors. Detector 1149 on band 2 and detector 864
on band 3 have significant cross-talk with neighboring odd and even detectors respectively. Asaresult,
even under dark conditions, over 300 digital number (DN) units (out of 4096) of induced signal are present
on the corrupted detectors. This effect is covered in more detail elsewhere[6]. Finally, bands 5p, 5, and 7
exhibit large increases in dark current centered on detector 1200. These regions of enhanced dark current,
otherwise referred to as ‘ hot spots’, are stable (Section 2.2.3) and repeatable (Section 2.3), and may be
accounted for by using normal dark current subtraction techniques.

To investigate the effects of temperature on dark current generation, data collected when the focal plane
was at 215 and 225 K have been subtracted from val ues obtained when the focal plane was at 220 K. These
results are depicted in Figures 7-10. For the VNIR multispectral and panchromatic bands, definite clumping
of dark current shiftsis evident at the SCA level. Additionally, SCA 2 is most sensitive to temperature,
with an average dark current change of >4 DN. The SWIR bands are the most sensitive to the thermal
environment and have up to 200 DN shifts per 5 K and the gradual dark current shift from detector 1 to
detector 1280 for all three SWIR bands suggests a slight thermal gradient exists across the focal plane.

The mean and standard deviation of the dark current distributions have been defined as figures of merit
(FOM). These FOM are used to compare AL I dark current values obtained from data sets collected during
different operational scenarios or time periods (e.g., to track performance during various phases of
integration and testing or throughout the EO-1 mission). Figures of merit have been calculated while the
focal planewas held at 215, 220, and 225 K for each band and each SCA. Additionally, even and odd
detectors are treated separately to isolate rows with largely differing dark current values. SCA 4 isdivided
into four sections for the SWIR bands (5p, 5, 7) in an effort to track dark current changes near the hot spot
in thisregion of thefocal plane. Finally, figures of merit for the Panchromatic band have been divided
according to tri-read components and odd and even detectors. All baseline figures of merit values are
providedin Table 3.
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Figure3: Band 1p, 1, 2, 3, 4 dark current values at 220 K.
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Figure 6: Band 4p, 5p, 5, 7 and pan band dark current values at 225 K.
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Table 1: Inoperable Detectors with Marked Dark Current.

Band Detector Comment
5p 374 HOT
5p 638 HOT

5 1202 HOT
5 1204 HOT
5 1206 HOT

Table 2: Detectors with Marked Dark Current.

Band Detector Comment

1 939 --

5p 365 Excessive noise

5p 374 Excessive noise, Inoperable detector

5p 6338 Excessive noise, Inoperabl e detector
5 911 Excessive noise
5 913 Excessive noise
5 1202 Excessive noise, Inoperabl e detector
5 1204 Inoperabl e detector
5 1206 Excessive noise, Inoperabl e detector

Table 3;: Band and SCA Dark Current Baseline Figures of Merit

Band | SCA T=215K T =220K T =225K
Mean (DN) Standard Mean (DN) Standard Mean (DN) Standard
Deviation (DN) Deviation (DN) Deviation (DN)
1P 1E 238.6 9.4 238.0 9.4 236.7 9.4
1P 10 248.4 16.7 248.0 17.1 247.0 17.4
1P 2E 294.9 11.2 290.1 11.3 283.8 11.3
1P 20 287.3 5.9 282.6 5.9 277.0 5.9
1P 3E 317.3 11.6 315.7 11.6 314.3 11.6
1P 30 323.2 10.7 321.9 10.9 320.7 11.0
1P 4E 251.8 9.0 251.6 9.0 251.5 9.0
1P 40 246.3 8.0 246.1 8.0 245.9 7.9
1 1E 248.1 10.8 248.2 10.8 248.0 10.8
1 10 261.6 12.4 261.8 12.3 262.2 12.4
1 2E 322.6 10.4 318.2 10.3 312.5 10.0
1 20 289.4 9.5 285.0 9.4 279.1 9.2
1 3E 278.6 7.1 277.7 7.1 276.9 7.1
1 30 298.3 6.7 297.3 6.7 297.0 6.7
1 4E 257.1 10.8 257.0 10.8 257.9 11.0
1 40 246.0 27.8 246.1 28.5 246.7 29.3
2 1E 259.3 13.1 259.5 13.1 260.0 13.1
2 10 262.6 15.1 262.7 15.1 262.9 15.1
2 2E 296.4 8.6 292.0 8.5 287.4 8.7
2 20 310.5 8.5 306.0 8.4 300.7 8.3
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2 3E 264.6 7.8 263.6 7.8 263.3 7.6
2 30 278.7 11.1 277.8 11.2 277.3 11.1
2 4E 257.4 11.4 257.4 11.4 258.1 11.5
2 40 683.3 11.9 686.7 11.9 691.1 12.0
3 1E 256.7 115 256.9 11.5 256.6 11.6
3 10 277.3 11.6 277.3 11.6 276.5 11.7
3 2E 287.9 8.9 283.8 8.8 278.6 8.8
3 20 302.4 9.6 298.0 9.5 293.2 9.7
3 3E 621.4 15.0 625.2 15.2 629.1 15.5
3 30 294.0 10.8 293.4 10.8 292.3 10.8
3 4E 261.8 12.2 261.6 12.2 261.8 12.2
3 40 256.5 11.9 256.3 11.9 256.9 11.9
4 1E 258.9 13.0 258.6 13.0 257.2 13.1
4 10 254.8 9.0 254.3 9.0 252.5 9.0
4 2E 296.7 9.4 292.5 9.3 286.3 9.0
4 20 293.5 7.9 289.4 7.9 283.8 7.7
4 3E 301.1 12.4 299.9 12.6 298.5 12.7
4 30 306.5 10.5 305.0 10.4 303.3 10.2
4 4E 255.6 14.9 255.3 14.9 255.3 14.9
4 40 240.6 14.6 240.4 14.7 240.6 14.8
4P 1E 242.1 11.3 241.5 11.3 239.7 11.1
4P 10 263.2 7.6 262.6 7.5 260.9 7.4
4P 2E 304.9 10.0 300.6 10.0 294.4 9.5
4P 20 309.1 9.1 304.8 9.0 298.3 8.5
4P 3E 302.4 11.4 301.0 11.4 299.3 11.2
4P 30 316.1 10.6 314.5 10.6 312.8 10.5
4P 4E 259.0 20.7 258.9 20.8 259.1 20.9
4P 40 247.0 154 246.8 15.4 247.0 15.5
5P 1E 339.6 22.1 405.9 33.1 519.7 49.0
5P 10 316.0 14.7 361.7 20.6 443.9 36.8
5P 2E 350.6 19.6 385.9 30.3 441.3 53.0
5P 20 342.8 14.7 377.6 23.9 426.6 40.6
5P 3E 283.1 15.2 283.8 27.1 279.1 51.0
5P 30 272.2 15.6 269.8 28.0 259.9 52.3
5P 4EQ1 267.4 11.7 282.7 20.8 311.4 39.5
5P 4EQ2 266.8 11.7 263.4 17.6 259.8 30.1
5P 4EQ3 430.0 143.5 403.8 134.5 372.5 133.2
5P 4EQ4 521.4 129.6 509.7 104.1 512.5 70.0
5P 4001 278.6 8.8 301.1 17.3 341.3 33.6
5P 4002 281.2 11.6 285.4 15.9 296.5 27.0
5P 40Q3 439.5 122.1 426.5 112.7 418.6 108.2
5P 4004 512.7 113.7 510.5 89.3 526.8 60.1
5 1E 284.8 14.0 307.7 19.7 348.1 31.1
5 10 271.5 17.3 293.5 19.8 332.8 27.9
5 2E 328.1 14.7 347.9 22.9 393.3 39.2
5 20 324.1 15.1 340.0 22.2 375.9 37.9
5 3E 261.4 8.0 261.2 14.6 258.0 30.0
5 30 272.1 10.6 272.1 17.6 269.4 34.9
5 4EQ1 265.6 10.0 276.3 12.8 299.6 21.7
5 4EQ2 280.2 12.6 281.4 15.3 287.2 23.5
5 4EQ3 462.9 142.8 441.0 133.3 418.8 129.4
5 4EQ4 541.3 163.2 535.8 146.4 552.6 132.7
5 4001 258.2 6.8 270.0 9.1 295.0 16.6
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5 4002 270.1 11.9 272.4 15.0 279.8 23.5
5 4003 423.0 126.6 406.4 117.7 390.8 113.3
5 4004 467.9 104.5 465.6 93.8 481.8 85.8
7 1E 317.1 20.5 382.3 30.4 494.2 49.4
7 10 151.1 27.7 235.7 50.6 378.6 76.7
7 2E 187.3 26.6 242.3 39.6 358.7 66.1
7 20 348.0 24.2 389.1 38.8 474.1 69.7
7 3E 293.1 14.6 300.1 29.4 308.6 59.8
7 30 120.0 23.3 140.2 45.4 169.9 86.9
7 4EQ1 126.5 10.5 164.5 17.9 245.7 36.8
7 4EQ2 150.8 16.2 181.2 20.9 250.0 36.0
7 4EQ3 365.6 177.2 371.1 169.5 410.2 173.5
7 4EQ4 468.5 194.1 483.0 176.7 552.0 162.9
7 4001 289.0 10.0 318.4 13.2 380.2 25.1
7 4002 331.7 21.3 359.6 26.6 422.9 40.7
7 4003 602.2 242.5 599.1 233.1 626.7 239.2
7 4004 717.6 260.4 726.7 236.7 790.7 217.6
PAN | 1ET1 463.9 7 465.7 7.1 463.5 6.9
PAN | 1ET2 477.4 9.3 479.2 9.3 477 9.5
PAN | 1ET3 463.8 11 465.3 11 464 10.9
PAN | 10T1 173.4 11.8 176.6 11.9 171.2 11.7
PAN | 10T2 194.2 12 197.2 11.9 191.8 12.2
PAN | 10T3 173.4 12 175.9 12 171.5 12
PAN | 2ET1 171.2 5.6 172.4 5.6 170 5.8
PAN | 2ET2 192.8 5.8 193.8 5.8 191.6 6.7
PAN | 2ET3 170.8 5.8 171.5 5.8 169.9 6
PAN | 20T1 382 10.3 381.8 10.3 381.9 10.3
PAN | 20T2 396 10 396.2 9.9 395.6 10.4
PAN | 20T3 378.2 5.9 378.5 5.9 378 6.1
PAN | 3ET1 295.9 16.4 295.8 16.4 296.1 16.6
PAN | 3ET2 311.6 16.6 311.3 16.6 311.4 17
PAN | 3ET3 295.9 20.5 295.4 20.4 296.2 20.5
PAN | 30T1 73.2 12.9 74 12.9 72.3 13.2
PAN | 30T2 91.2 13.1 91.9 13.1 90 13.6
PAN | 30T3 67.1 13.2 67.5 13.2 66.6 13.5
PAN | 4ET1 224.7 9 226.3 9 223.7 9.2
PAN | 4ET2 227.9 9 229.5 9 226.7 9.1
PAN | 4ET3 222.5 9 224.5 9 221.3 9.2
PAN | 40T1 448 10.6 448.7 10.6 448.1 10.7
PAN | 40T2 450.7 10.7 451.4 10.7 450.5 10.7
PAN | 40T3 446.3 10.2 447.3 10.2 446.1 10.3

E = Even numbered detectors
O =0dd numbered detectors
Q1 = Detectors 959:1039

Q2 = Detectors 1040:1119

Q3 = Detectors 1120:1199

Q4 = Detectors 1200:1279

T1=Tri-read #1
T2="Tri-read #2
T3 ="Tri-read #3
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2.2 Noise

The overall noise of the ALI isacombination of random, coherent, and pseudo-random fluctuations (PRF)
in adetector’ sdark current value. For a standard Earth scene, the effects of these noise sources will be
varied. The random or white noise component will establish the overall noise floor on a detector-to-detector
basis. Coherent or pick-up noise will manifest itself as recognizable rippling or patternsin an otherwise
‘clean’ image. Pseudo-random or drifting dark current could affect the quality of an image on aframe-by-
frame (high frequency) basis and as afunction of time (Ilow frequency) during an observation. Each of
these sources will be discussed, and their contributions noted.

221 Random Fluctuations

The random or white noise of the ALI has been cal culated for each detector asthe standard deviation of
dark current data collected over 500 multispectral and 1500 panchromatic frames (~2 seconds). Results
from these calculations are provided in Figures 11-16. Noise values depicted in Figures 11 and 12, Figures
13 and 14, and Figures 15 and 16 were obtained when the focal plane was maintained at 215 K, 220 K, and
225 K, respectively. The mean of white noise valuesis£ 1.2 DN for all bands and all sensor chip
assembliesfor all focal plane operating temperatures. Detectors with white noise values greater than three
times the mean noise value for each sensor chip assembly or detectors with zero white noise, have been
flagged as unusual. Fifteen AL I detectors have more than three times the average white noise values for al
three focal plane operating temperatures and arelisted in Table 4. All but one of these detectors are SWIR
detectors and are associated with high dark current and/or high pseudo-random noise.

White noise values obtained when the focal plane was at 215 and 225 K have been subtracted from values
obtained when the focal plane was at 220 K. These results are depicted in Figures 17-20. In all cases, the
standard deviation of the differencesis < 0.1 DN. Thisindicates very similar white noise characteristics of
thefocal plane when operating between 215 and 225 K.

The mean and standard deviation of the white noise data have been defined as figures of merit. The
baseline figures of merit values are provided in Table 5.
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Table 4: Detectors with Marked Random or White Noise

Band Detector Comment
5p 82
5p 92
5p 99
5p 365 Excessdark current
5p 372
5p 374 Excess dark current , Inoperable
5p 636 Noise value <3x mean with FPA @ 225K
5p 638 Excessdark current, Inoperable
5 911 Excess dark current
5 913 Excessdark current
5 1202 Excess dark current , Inoperable
5 1206 Excess dark current , Inoperable
7 11
7 382
Pan 1631

Table 5: Band and SCA White Noise Baseline Figures of Merit

Band Sensor Chip Mean (DN) Standard Deviation

Assembly (DN)
1p 1 0.88 0.07
1p 2 0.86 0.05
1p 3 0.91 0.06
1p 4 0.60 0.05
1 1 0.83 0.07
1 2 0.73 0.04
1 3 0.87 0.06
1 4 0.54 0.05
2 1 0.82 0.07
2 2 0.70 0.04
2 3 0.84 0.05
2 4 0.53 0.05
3 1 0.83 0.07
3 2 0.72 0.05
3 3 0.85 0.05
3 4 0.55 0.05
4 1 0.86 0.07
4 2 0.77 0.04
4 3 0.88 0.06
4 4 0.57 0.05
Ip 1 0.85 0.07
Ip 2 0.78 0.05
Ip 3 0.87 0.06
Ip 4 0.58 0.05
5p 1 0.92 0.06
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5p 2 0.83 0.05
5p 3 092 0.05
5p 4 0.75 0.08
5 1 0.87 0.06
5 2 0.75 0.04
5 3 0.89 0.05
5 4 0.67 0.07
7 1 0.99 0.08
7 2 0.90 0.08
7 3 098 0.07
7 4 0.90 0.12

Pan 1 0.80 0.05

Pan 2 0.67 0.03

Pan 3 105 0.04

Pan 4 0.64 0.04
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2.2.2  Coherent Fluctuations

Coherent noiseis often identified as recognizable patternsin reconstructed dark current images or images
of sceneswith little spatial fluctuation. Thistype of noise may be introduced by ‘pick-up’ of external motor
or equipment noise near sensitive electronics and may be most effectively avoided through proper
instrument grounding and shielding.

The contribution that coherent noise makes to the overall noise of the instrument has been quantified using
Fourier analysis. Initially, the mean dark current is calculated for each detector during a 226-frame period.

A five-second dark image isthen *flattened’ by subtracting the mean dark levels of each detector from each
frame. Thiswill remove any detector-to-detector dark current variations, while preserving any coherent
noise in the data. Once the image is flattened, atwo-dimensional Fourier transform is then performed and
the magnitudes in both cycles/detector and cycles/second are plotted.

Examples of aflattened Band 1p image and its corresponding Fourier transform magnitude image are
provided in Figures 21 and 22, respectively. The flattened image has been scaled to the £ 2 DN levelsin
order to magnify any obvious coherent noise. The contribution of each coherent component identified in
the magnitude image to the overall image noise has been calculated as the integrated power density of a
given component divided by the integrated power density of the entireimage. This may be expressed

analytically as
\r2
_10,
ib
\/(‘)(‘)M Zdrdc

c

N 2 2
Q, Mdrdc

Here, P;, is percent of the noise contributed by component i of Band b, M is the magnitude image of Band
b, andrl,r2, cl and c2 are the integration limits for the component in question. The noise contribution of
this component in digital numbers may be calculated as the product of the standard deviation of theimage
(N) and the percent contribution of the component (P;,,) or Ni,= P;x* N. Finally, the combined effect of all
coherent contributions to the noise of an image may be obtained by summing the contributions of
individual components (N ) in quadrature. Applying these calculationsto the Band 1p image, a peak
contribution of 19.3% or 0.16 DN to the overall noise of the image and a combined coherent noise effect of
49% is obtained. Although these contributions appear large, each component is spread over 10-30
cycles/second, and the combination of several components at differing frequencies results in images with
no recognizabl e coherent patterns.

To demonstrate the effects of aknown coherent source, a sine wave with a one-half digital number
amplitude and 63 pixel period was added to the Band 1p dark image, and the Fourier analysis repeated. The
‘noisy’ flattened image and corresponding Fourier magnitude image are provided in Figures 23 and 24,
respectively. Two clear enhancements are correctly noted on the magnitude image at 0.016 cycles/detector
and 3.59 cycles/second. These enhancements correspond to a27.5% or 0.25 DN contribution to the overall
noise of theimage. Furthermore, this component is highly concentrated in the frequency domain, resulting
in the obvious coherent pattern in the image.

Following the analysis outlined above, magnitude images for Bands 1-7 and the Panchromatic Band are
provided in Figures 25-33. The upper limits of coherent noise contributions arelisted in Table 6.
Approximately 50% of the noise for all bands may be accounted for by coherent noise. However, these
contributions are made of numerous broad —frequency components, resulting in no recognizable patterns
for any of the flattened dark images.
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Figure 21: Band 1p flattened dark image.
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Figure 22: Fourier transform of aBand 1p flat field.
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Figure 23: Band 1p flattened dark image after aone-half DN sine wave was added.
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Figure 24: Fourier transform of aBand 1p flat field after a one-half DN sine wave was added.
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Figure 26: Fourier transform of aBand 2 flat field.
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Figure 28: Fourier transform of aBand 4 flat field.
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Figure 31: Fourier transform of aBand 5 flat field.
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Table 6: Coherent Noise Analysis Results.

Band Maximum Coherent Noise Combined Coherent Combined Coherent
Contributor Noise Effect Noise Effect
(% of Total Noise) (% of Total Noise) (Digital Number)
1p 19.3 49.0 0.40
1 26.4 56.1 0.42
2 234 55.6 041
3 19.6 56.8 0.42
4 21.0 50.7 0.39
le] 20.0 54.0 0.42
5p 174 47.8 0.42
5 234 453 0.37
7 16.4 434 0.42
Pan 21.0 53.0 0.60

223 Pseudo-random Fluctuations

The third component of instrument noise is pseudo-random in nature. Pseudo-random noisein the
Advanced Land Imager is composed of low frequency or slow drift (<0.03 Hz or for periods greater than 30
seconds) and high frequency (>0.03 Hz or for periods less than 30 seconds) components.

A low freguency pseudo-random fluctuation (L FPRF) manifestsitself as gradual dark current drifting over
time. During flight operations, one-second dark sceneswill be collected prior to and just after the nadir-
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looking Earth scene. Thefirst dark scene will be used to generate dark current maps for the subsequent
Earth scene. The second dark scene will be used to track each detector’ s dark current drift to ensure proper
background normalization. If aLFPRF is detected for a specific detector, linear interpolation of the two

dark current reference values will be used to correct the Earth scene on aframe-by-frame basis for that
detector.

A high frequency fluctuation manifestsitself asarapid, pseudo-random dark current variation throughout a
data collection period. Unfortunately, due to the rapidly changing dark current values observed during high
frequency pseudo-random fluctuations (HFPRF), the noise contribution from these detectors cannot be
directly compensated for in the Earth scene. The influence of this high frequency term in the time domain
will result in the addition of fluctuationsin the earth scene dark current that cannot be compensated. Asa
result, when analyzing earth scenes with regions exhibiting low-level spatial fluctuations, one should be
cognizant of any detectors marked as having noted HFPRF noise, such that interesting scientific results are
not the result of misinterpretation of this effect. It is also recommended that long dark current scenes be
collected periodically on orbit (2-4 weeks) to assessthe HFPRF as afunction of time.

Characterization of the ALI low and high frequency pseudo-random noise component for a 40-second
period has been performed while the focal plane was maintained at 215 and 220 K. For each band,
candidate detectors were selected if their noise values exceed 1.5 DN. Seventeen detectors were selected in
this manner when the focal plane was operating at 220 K. Eleven detectors were selected when the focal
plane was maintained at 215 K. For each candidate, a Fourier transform was performed, and the magnitude
and power spectrum were derived. A Fourier analysis of atypical, low-noise detector (Band 5p, detector 6)
isprovided in Figure 34 as abaseline for comparison. Table 7 lists the candidate detectors, and Figures 35-
45 present the results of the Fourier analysis with the focal plane temperature at 215 K. Table 8 liststhe
candidate detectors, and Figures 46-62 present the results of the Fourier analysis with the focal plane
temperature at 220 K.

As expected, the spectral distribution for the reference detector isflat, indicating that random fluctuations
dominate this detector’ s dark current over the 40-second period. Six noted deviations occur at 14.1, 28.2,
42.3, 70.6, 98.9, 113.0 Hz. The latter five are higher harmonics of 14.1 Hz. At these frequencies, the
magnitude of the Fourier transform risesto > 3.0 DN/OHz.

The magnitude datafor all candidate detectors have been fit to the following function in an effort to
quantify their characteristics

Mo = A L+(ALT)").

Here, Mp isthe magnitude obtained from the Fourier analysis, fisthe channel frequency, Aq isthe
magnitude offset, Al isthe knee frequency, and A; is the slope of the low frequency component. Initialy,
the fitted knee frequencies were unphysically high due to a non-zero slope in the magnitude data above 40
Hz. To account for this, magnitude data above 40 Hz wasfit to alinear function. All datawere then
normalized to remove the slope and the data were refit to the above function. Results from this analysis,
including factors used to normalize the magnitude data, are provided in Tables 7 and 8.

It should be noted that all seventeen detectors with suspected pseudo-random noise are SWIR detectors.
Detectorslisted in Table 7 (215 K) are also a subset of detectors listed in Table 8 (220 K), indicative of
improved thermal stability with colder temperature.



Cagital Harmier

)
Tire (e onds

g L (DRHZE
k)
2
=
T

Fall Hl [ [ 1.;n
Fraquercy ()
1% T T
g 127 xh"-m
: e AR
£ -
E m

an an

1.0 0w meh
Fraquercy (Hr)

Figure 34: Baseline Fourier analysis for Band 5p, detector 6 (T=220 K).
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Figure 35: Fourier analysis of Band 5p, detector 2 (T=215 K).
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Figure 36: Fourier analysis of Band 5p, detector 82 (T=215 K).
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Figure 37: Fourier analysis of Band 5p, detector 92 (T=215 K).



1] I::I m ;D
Tine (Sezonch
10CJ050|
E LRl
g- 10D
3 R
? (=Tl
oo
il 40 L] m m
Frocprency [Heh
|-Cp"
g - —
e — L et Vs | A
£ o '\_-"Iﬂ ,'n,.l", HWW
5
; 1%
g ¥ —
178
(] [-4E=3 1 000 e
Frecpency [Hz)
Figure 38: Fourier analysis of Band 5p, detector 99 (T=215 K).
200
B
-
E‘-n:n i |
-0
] al] m
T (S crcks)
mmop
g onp
i: IU.D
P o |
1
28 40 [ ) 100
Fropeecy Hzp
i
z L E_"———‘"‘——"Aﬂ Y
% 12 i -Illl I|l bt I|I."- 'I]Ihﬁljﬂrrll.ﬂ IF
E 2 — .II v '
'f 199_—
- -
in~
i L] 1,00 1=t

e
Fragsanicy [Hay

Figure 39: Fourier analysis of Band 5p, detector 365 (T=215 K).
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Figure 40: Fourier analysis of Band 5p, detector 372 (T=215 K).
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Figure 41: Fourier analysis of Band 5p, detector 636 (T=215 K).
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Figure 42: Fourier analysis of Band 5, detector 911 (T=215 K).
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Figure 43: Fourier analysis of Band 5, detector 913 (T=215 K).



Wagstisds {OH M0

Py St triin |DHZHE

g [DRdHGL )
&
=
[T

gt Hurnbar

m
T {Samcredal

= 40 L] L] w0
Froquency Hah

1at
e A i
s ol | :
‘5 T
7 o

i~
i 840

1,0 s iR
Fragicy (Hah

Figure 44: Fourier analysis of Band 7, detector 11 (T=215 K).
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Figure 45: Fourier analysis of Band 7, detector 382 (T=215 K).
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Figure 46: Fourier analysis of Band 5p, detector 2 (T=220 K).
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Figure 47: Fourier analysis of Band 5p, detector 82 (T=220 K).
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Figure 48: Fourier analysis of Band 5p, detector 83 (T=220 K).
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Figure 49: Fourier analysis of Band 5p, detector 92 (T=220 K).
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Figure 51: Fourier analysis of Band 5p, detector 365 (T=220 K).
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Figure 56: Fourier analysis of Band 5, detector 913 (T=220 K).

m
Timw (S once)

guiude (DHH =05

2] an hln)
Fraqency (15}

T

oa e w'rT'-'.I.r",,rlnﬂ,l.‘hm

Pirmty” Spese U (DM
L

mnae ionsn

.0
Freeqaency (Ha)

Figure 57: Fourier analysis of Band 7, detector 4 (T=220 K).
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Figure 58: Fourier analysis of Band 7, detector 11 (T=220 K).
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Figure 59: Fourier analysis of Band 7, detector 17 (T=220 K).
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Figure 62: Fourier analysis of Band 7, detector 382 (T=220 K).

Table 7: Detectors with Marked Pseudo-Random Noise at 215 K

Band Detector Comment Ao A A, S
5p 2 - 057 1.95 0.87 -0.0030
5p 82 Excess white noise 0.82 952 0.56 -0.0049
5p 92 Excess white noise 0.87 8.90 0.67 -0.0044
5p 99 Excess white noise 0.93 7.80 0.66 -0.0042
5p 365 Excessdark current, 1201 711 0.66 -0.0617

Excess white noise
5p 372 Excess white noise 1.36 5.87 053 0.0002
5p 636 Excess white noise 1.90 4.46 053 -0.0016
5 911 Excessdark current, 138 1155 0.55 -0.0076
Excess white noise
5 913 Excessdark current, 0.96 474 053 -0.0040
Excess white noise
7 11 Excess white noise 1.10 16.98 054 -0.0082
7 382 Excess white noise 050 759 1.00 -0.0010

S = Slope used to normalize magnitude data before fit.




Table 8: Detectors with Marked Pseudo-Random Noise at 220 K

Band Detector Comment Ao Aq A, S
5p 2 - 051 3291 | 073 -0.0038
5p 82 Excess white noise 118 12,01 0.60 -0.0067
5p 83 -- 053 5.37 048 -0.0028
5p 92 Excess white noise 104 9.04 0.71 -0.0049
5p 9 Excess white noise 0.95 3654 043 -0.0055
5p 365 Excess Dark current 1421 8.78 0.64 -0.0691
Excess white noise
5p 372 Excess white noise, 161 520 053 -0.0004
No 1/f component
5p 636 Excess white noise 179 513 053 0.0001
No 1/f component
119 -- 051 711 057 -0.0034
911 Excess dark current 193 6.59 0.66 -0.0093
Excess white noise
5 913 Excess dark current 125 426 0.63 -0.0048
Excess white noise
7 4 -- 0.60 3.37 0.48 -0.0030
7 11 Excesswhite noise 1.30 36.67 053 -0.0100
7 17 -- 0.68 170 0.73 -0.0028
7 126 -- 0.54 2.28 0.94 -0.0026
7 307 -- 0.53 151 0.55 -0.0020
7 382 Excess white noise 055 13.34 0.82 -0.0016

S = Slope used to normalize magnitude data before fit.

23  Repeatability

Focal planes with highly repeatable dark current and noise properties are very desirable. This repeatability
simplifies the normalization of background signal and the prediction for future scenes’ signal to noise
ratios. The Advanced Land Imager repeatability has been characterized by measuring the dark current and
noise of each detector for ten data sets spanning ten days. For each of these data, the focal plane was
maintained at 220 K, and the nominal integration time (4.05 ms for multispectral detectors, 1.35 msfor
panchromatic detectors) was used.

Plotted in Figures 63 and 64 are the overlaid differences between dark current for each band collected over
aten-day period during ground calibration at Lincoln Laboratory. The dark current was found to be
repeatable to within+2 digital numbersfor al VNIR and panchromatic detectors. SWIR detectors are
repeatable to within -20/+100 digital numbers. Of particular interest are the sensitivities of the SWIR bands
on SCA 1 and the good repeatability of the hot spot centered on detector 1200 of bands 5p, 5 and 7.

Plotted in Figures 65 and 66 are the overlaid differences between mean white noise levels for data collected
over aten-day period during ground calibration. The mean noise levels were found to be repeatable to
within 0.1 digital numbersfor al bands. Fourteen ALI detectors demonstrating noise differences> + 0.5
digital numbersarelisted in Table 9. All but two of these detectors have been previously flagged as having
high dark current or excessive noise val ues.

The above results indicate the VNIR and panchromatic dark current values and all detector noise levels of
the ALI are highly repeatable. However, SWIR dark current levels have shown up to 100 DN variability. It
istherefore recommended that dark reference scenes should be used to determine actual dark current and



noise levels at the time of each earth scene such that small day-to-day variationswill not add to the
uncertainties of the measurements.
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Table 9: Detectors with Variable Noise Levels at 220 K

Band Detector Comment
5p 2 Excess PRF
op 56 -
5p 82 Excess PRF, Excess white noise
5p 83 Excess PRF
5p 92 Excess PRF, Excess white noise
5p N Excess PRF, Excess white noise
5p 365 Excess dark current, Excess PRF,
Excess White Noise
5p 372 Excess PRF, Excess white noise
5 119 Excess PRF
5 911 Excess dark current, Excess PRF,
Excess White Noise
5 913 Excess dark current, Excess PRF,
Excess White Noise
7 11 Excess PRF, Excess white noise
7 382 Excess PRF, Excess white noise
Pan 1631 Excess white noise

“ PSR = Pseudo-Random Fluctuation.




24  Dark Current and Noise Characterization Summary

The dark current and noise characteristics for the EO-1 Advanced Land Imager have been characterized.
Six inoperabl e detectors were identified indicating that 99.96% of the ALI focal planeisfunctional.

All SWIR detectors have atransient effect associated with the initial data collected following the focal
planeturn-on. As aresult, the first ten frames of the first dark image should be excluded from on-orbit dark
current and noise analysis.

Ground calibration dataindicate the VNIR and panchromatic dark current values and all detector noise
levels of the ALI are highly repeatable. However, SWIR dark current levels have shown significant day-to-
day variability. Additionally, the dark current is dependent on focal plane temperature, more particularly
for the SWIR bands. It is therefore recommended that concurrent dark reference scenes should be used to
determine actual dark current and noise levels at the time of each Earth scene.

The noise levels of the ALI focal plane are excellent (lessthan 1.2 digital number for the mean of all bands
and sensor chip assemblies). Twenty-two detectors were identified as having higher than average noise
values. All but one of these were SWIR detectors and were associated with high dark current or pseudo-
random noise. The overall noise of the ALI is dominated by white noise with little contribution from
coherent or pseudo-random fluctuation components.

Dark current and white noise figures of merit have been discussed and baseline values provided. These
figures will be used to track the dark performance of the ALI throughout the EO-1 mission (e.g., the effects
of charged particle damage on the detector lattice and focal plane electronics). It isrecommended that a
single one-minute dark scene be collected once every 14 days to characterize and track the dark current and
noise of the Advanced Land Imager. Repeatability may be characterized by assessing the dark scenes
obtained with each observation over atwo-week period.
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3 ANOMALOUSDETECTORS

This section provides asummary listing of all Advanced Land Imager detectors that exhibit anomalous
behavior. Anomal ous detectors have been selected based on the following criteria:

Inoperable detector
Excessive dark current
Excessive noise
Anomalous gain value
High cross-talk

arwdpE

Detectorsidentified for each of the above criteriaare listed in subsequent sections. All data used to
generate thislist were taken with the focal plane at 220 K and the nominal integration times: 1.35 msfor
panchromatic detectors and 4.05 msfor multispectral detectors. Some detectors may belisted in severa
sections (e.g., a high noise detector may be temporally unstable). It must also be noted that although
detectors may be marked ‘anomalous’, most of the characteristics noted in this document are accounted for
during instrument calibration. Only the inoperable detectorsare definite problems that need to be addressed
by nearest neighbor interpolation or other schemes during image reconstruction. However, in the interest of
fully understanding the AL I instrument, it isimportant to list all interesting focal plane array

characteristics.

3.1 Classification

311 InoperableDetector

An inoperable detector is one that has zero dark current or zero gain (‘dead’) or is saturated at all times
(“hot’). Six ALI detectors have been identified asinoperable and are listed in Table 10.

Table 10: Inoperable Detectors

Band Detector Comment
5p 374 HOT
5p 638 HOT

5 932 Gan=0
5 1202 HOT
5 1204 HOT
5 1206 HOT

312 Excessive Dark Current

Detectors with dark current values greater than 1.25 times the mean dark current for that band and SCA are
flagged as having excessive dark current. Nine AL detectors have been identified as having excessive dark
current and arelisted in Table 11.



Table 11: Detectors with Marked Dark Current

Band Detector Comment
1 989 --
5p 365 Excess white noise, Excess PRF
5p 374 Excess white noise, Inoperable
5p 638 Excess white noise, Inoperable
5 911 Excess white noise, Excess PRF
5 913 Excess white noise, Excess PRF
5 1202 Excess white noise, Inoperable
5 1204 Inoperable
5 1206 Excess white noise, Inoperable

" PSR = Pseudo-Random Fluctuation.

313 Excessive Noise

Detectors with noise values (standard deviation of dark current) greater than three times the mean noise

value for that band and sensor chip assembly or detectors with more than 1 DN shift in dark current over a
forty-second period have been flagged as having excessive noise. Twenty-two detectors have been noted as
having excessive noise by the above criteriaand arelisted in Table 12. Fifteen ALI detectors have higher
than average random (white) noise values, and sixteen ALI detectors have been noted as temporally
unstable (low frequency pseudo-random fluctuations or high frequency pseudo-random fluctuations).

Table 12: Detectors with Marked Noise.

Band Detector Comment
5p 2 Excess PRF
5p 82 Excess white noise, Excess PRF
5p 83 Excess PRF
5p 92 Excess white noise, Excess PRF
5p 99 Excess white noise, Excess PRF
5p 365 Excess white noise, High dark current,
Excess PRF
5p 372 Excess white noise
5p 374 Excess white noise, Inoperable,
Excessdark current
5p 636 Excess white noise, Excess PRF
5p 638 Excess white noise, Inoperable,
Excessdark current
5 119 Excess PRF
5 911 Excess white noise, Excess dark current,
Excess PRF
5 913 Excess white noise, Excess dark current,
Excess PRF
5 1202 Excess white noise, Inoperable,
Excessdark current
5 1206 Excess white noise, Inoperable,
Excessdark current
7 4 Excess PRF




7 11 Excess white noise, Excess PRF

7 17 Excess PRF

7 126 Excess PRF

7 307 Excess PRF

7 382 Excess white noise, Excess PRF
Pan 1631 Excess white noise

3.1.4 AnomalousGain Vaue

An anomalous gain value will either lead to lower dynamic range of the detector (early saturation), if too
high, or low signal to noise ratios over the range of scene radiances expected, if too low. Four ALI
detectors are found to exhibit anomal ous gain values and are listed in Table 13.

Table 13: Detectors with Anomalous Gain Values.

Band Detector Comment
5p 365 Gain too high
5 911 Gain too high
5 913 Gain too high
5 982 Gan=0

3.15 High Cross-Talk or Leaky Detectors

Detectors with high cross-talk are problematic in that they add signal to adjacent detectors. Correcting for
this effect may be difficult, especially for scenes with high spatial frequencies covering alarge dynamic
range. Two AL detectors have been identified as being leaky, i.e., having high cross-talk characteristics,
and arelisted in Table 14.

Table 14: Detectors with Marked Cross Talk

Band Detector
2 1149
3 864

3.2  Anomalous Detectors Summary

Six inoperable detectors were identified, indicating 99.96% of the ALI focal planeisfunctional. Twenty-
one additional detectors have been observed with degraded performance due to such effects as noted dark
current values and/or white, low frequency pseudo-random fluctuation, or high frequency pseudo-random
fluctuation noise. The remaining 99.82% of the focal plane have excellent dark current stability and noise
characteristics. Finally, amaster list of anomalous detectorsis provided in Table 15.



Table 15: Master Anomalous Detector List
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